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1. Thi» experiment was oarried out in order to find improved methods of indicat- 
ing altitude and «imilar information whloh requires very great aoale length for suf- 
ficiently preolse presentation. ' 

B. FACTUAL DATA. 

2. A pilot interview study oarried out previously by the Psyohology Branoh of 
the Aero Medioal Laboratory (liemoranduD Report Bo. TSBAA-£9H2a) indioated that 
reading error« of 1,000 feet or more ooour very frequently in reading of the conven- 
tional altimeter,    lloet of the reported reading errors were 1,000 feet too high, and 
in several instances resulted in oollision with the ground. 

3. Appendix I report* in detail an investigation which determined the speed and 
aoouraoy of altitude readings from nine experimental indloator designs, including the 
conventional altimeter.    Printed test booklets presented twelve settings on each of 
the nine indicators.    These test booklets were administered to 97 AAF pilots in the 
Instrument Sohool at Barkadale Field, Louisiana and to 79 oollege students at Denison 
University, Orenville, Ohio. 

u«    The conventional altimeter was found to be a very difficult instrument to 
read.    Even AAF pilots who had spent several years flying by this instrument required 
7,1 seoonds interpretation time to read all three hands, and 11.7 peroent of their 
readings were in error by 1,000 feet or more.    Of the pilots, 70.1 peroent made at 
least one error in reading the 12 different settings of the conventional altimeter. 

5. All experimental indicators whloh involved a combination of pointers (or 
pointer« and noo-lnt«r*iitently rotating dial«) were very diffioult to read. 

6. The indicator« «mien were eaelly read werei    (*) » «eneitlv« pointer and 
Veeder typ« oouater »oeMnrtiesj f» a aorfcr. vertical «oal« «nd counter combination 
(•) * Ion« Bowlag wrtteal •***•} «Ml (4) * 44»»*» riding counter. 
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C. COSCLOSICBB. 

7. The folioring conclusions are drawn fron thia investigation regarding design 
feature* of multi-revolution instruments la relation to «peed and aoouraoy of reading« 

a. The conventional altimeter and similar ailtiple-pointer Instruments are 
very diffloult to read.    Mot only It the time for reading such icitrumButs very long, 
bat a eonaldarabl* proportion of the reading! are in error by not or nor« complete 
revolutions of the »en« It IT» pointer. 

b. The ease with which au It1-revolution instrument» oen be read ia greatly 
increased by the use of a Veedar type counter instead of supplementary pointers to 
indlemte the number of revolutions of the sensit ire poiatsr. 

o.    A rery long vertical aoale moving behind a window,  or a repeating verti- 
oal soale ooobined with a oounter, is relatively easy to read quant it at ire ly (but 
nay be leas desirable for oheok-reading than a moring pointer). 

d. Part of the difficulty in reading multiple-pointer  (or nultiple-dial and 
pointer) instruments results from the necessity of oombining Dentally several sepa- 
rate indications.    The difficulty in reading ia proportional to the number of suoh 
separate indications to be combined. 

e. Additional difficulty in the reading of multiple-pointer instruments 
results because the non-sensitive pointers (1,000- and 10,000-foot pointers on the 
altimeter) must often be read not to the number toward which they are pointing but 
to the next lewer number.   Which number is to be read oan be determined only by 
simultaneous consideration of the position of the more sensitive pointer in relation 
to the sero point on the soale.    This difficulty oan probably be overcome only by 
intermittent motion on the moving pointers, dials, or oounter» which indioate the 
master of revolutions of the sensitive pointer. 

f. Bearing in mind the reading requirements of an altimeter for use by the 
pilot, the ooEblnaticn of a sensitive pointer and oounter offers the most promise. 
Buch an indicator should, however, have the oounter displaced approximately 90 degre« 
from the aero position on the soale to prevent its being obscured by the pointer in 
its most  oommon position. 

D. ggCMMgMJHMWi 

8. OB the basis of the finding« of this experiment the following design feature« 
are resrw—»ilsil for altimeter» and other sensitive or multi-revolution instrumentsi 

a.   A single sensitive pelwesr with a Veeder type oouoter for indicating the 
number of s»fists* ft**»* revelwilcns above sero. 

••   *B*,BI'''**l^-|HÄiM'' *"* we"***«* ««ring • very small angular excursion 

•*, H^*,,W Wf-'d'fffl&v^ ». *#• Mn»»t» tm legibility under all opera 

-_*>* 
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d.    Location of the counter where it «ill not be obscured by the sensitive 
pointer in it« most oaamon position during flight (zero position cu tha altimeter). 

9«    It is reooamsuded that the following aotions bo talcon by tha organizations 
ladioatsdi 

a. That tha Instrument and navigation Branoh of tha Bquipment Laboratory 
apply tha above design reooasaendationa in future development and servloe tasting of 
pressure altimeters. 

b. that tire Firs Control Branoh of the Aircraft Ikdiation Laboratory apply 
tha above design recommendations in future development and serrloe testing sf abso- 
lut« or radio altimeters. 

o. That the above tiro organizations coordinate their respective designs in 
Cider to insure adequate visual differentiation between the two types of altimeter, 
and thus prevent potential confusion between the two instruments. 

Prepared byt    KALTKR F. GKE7I3R, Ph 0. 
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Chief, Aero liedioal Laboratory 

Conourrenoei   OATZD T. lIDCKatAV 
Instrument and lavigatlon Branoh 
aVjuifsssnt laboratory 



Bag!». Div. Ui< #rSBAA-69U-lU 
2 September 19I4.7 

DISTHIBOTION 

Aero liedlcal Laboratory Library 
TS8AA (1) 

Air Docuaent» Division, TSRBD 
"Release" (2) 

Psyohology Branoh, TSBAA-8 
Aero Uediaal Laboratory (100) 

Chief, Armament Laboratory, TSEPS (1) 

Fire Control Branoh, TSEPS-7 
Armament Laboratory (1) 

BoRbing Branch,  TSBPS-5 
Amanent  Laboratory (1) 

Aircraft Projects  Section,  TS80A 
Engineering Operations (1) 

Bcr.bardnent branoh, TSBOA-2 
Aircraft Project« Seotion (l) 

i.otary •fing 3ronch,  TSE0A-? 
Aircraft    Projects Seotion  (1) 

rlghtor Branch,  TSEOA-U 
Alroraft Projeota Section (1) 

Cargo 3racoh,  TS80A-5 
Aircraft Project» Seotion (1) 

Squijoent  Branoh,  TSBCA-6 
Alroraft Projeota Seotion (1) 

Guided Missile» Seotion, TSBOH 
Engineering Operation» (1) 

Sleotronio Operation» Motion, tSBLO 
Bleatronlo Subdivision (1) 

Electronic Plan« Motion, 
«IsctroMo ftjbdlTUl« (1) 

A. c. aadiatia* Urontogy 
Sleotrcnlo StMivM« ßjf 

Alroraft  Radiation  Operations, TSELR-3 
Aircraft Radiation Laboratory (1) 

Bombing & BCM Branoh, TSBLR-li 
Alroraft Radiation Laboratory (1) 

Searoh Radar Branch, TSSLR-5 
Alroraft Radiation Laboratory (1) 

Fire Control Branoh, TSELR-6 
Alroraft Radiation Laboratory (2) 

Components 4 Systems Laboratory, TSELS 
Electronic Subdivision (l) 

Installation Brigineorin.^ Branch, TSELS-5 
Components  ',-. Systami  Laboratory (1) 

Communication A: Kavitation  Lafccratury, 
TSELC 
Bleatronio Subdivision (1) 

Comunioation Branoh, TSELC-? 
CommonioatIons St Ijavl^aticri  Laboratory 
(1) 

Navigation Branch, T3SLC-7 
Comreuiiications 4 Navigation Labrritory 
(I'. 

Communication & Navigation Laboritory 
Attnt    lir.  C.  S« ?ratk1in,  Chairman 

Instrumentation Team  (1) 

Design Branoh,  TSEAC-U 
Alroraft Laboratory (2) 

Chief, IB EPS 
Equipment Laboratory ('.) 

Light lag A Aooeesorief Unit,  TBBPB-6G 
lqplp—at Laboratory (1) 

i__i___i  •   4     •     . .        - •      _.  _ UMtlMMirc « nansMioji  oriuon,   tSEFS-7 
Laboratory (2) 



Engin. Dir. HH ^TBKlA-Ö^-ll*. 
2 September 19^7 

Control Equipment Branch, TSKFS-11 
Bquipment Laboratory (1) 

Training Bquipmect Branoh, TSEPB-13 
Equipment Laboratory (1) 

Engineering Standard» Seotion, TS3ST (l) 

Flight Data Branoh, TS3ST-V 
Engineering Standard« Seotion (1) 

All '.feather Flying Division, T8AWB (2) 

Chief, TSBPP 
Power Plant Laboratory (1) 

Wat «on Labor et or ie* 
Bed Bank, New -'ersey 
Attm    WLBNS-I2 (1) 

Development und Test Eranch, TSBLE-5 
Engineering Servic»» Laboratory (1) 

Office of the Air Surgeon 
Any Air Foroes 
Washington lb, D.  C. 
Attni    Psychological Seotion (10) 

Air" 3ahool cf Aviation Medicine 
Randolph. Fi«i<1, Tax«.« 
Attni    Department  of Psychology (2) 

Offloe of the Surgeon 
:iead<i'iarter«, AAF Training Conzjai 
Jarksdale tie id, Loui«ian» 
Attnt    Payoholocloil Seotion (2) 

P-«y5h3logio»l  RB«ear9h & Examining Unit 
Sen 5, Indoctrination DlTioion 
Air Training OomiMWd 
San Antonio, Tex»« (2) 

Offio«. of the Surgeon 
AAr  Stritagio Air Ccesnand 
Andrew« Pis Id, Mary land 
Attni    Psyoholocloal Seotion (2) 

Air Proving around Covaund 
Igllo Field.  Horii* (2) 

AAF Air University 
Uaxwell Field, Alabama 
Attni    Dr. J. E. Green 

Bduoational Advisory Staff (1; 

Medioal Safety Branoh 
Flying Safety Division 
Field Offioe of The Air Inspeotor 
Langley Field, Virginia (1) 

Bureau of Aeronaut io« 
U. S. Navy Department 
Washington 25. Do C. (2) 

Bureau of Medicine k Surgery 
Ü.  S,  Nary Department 
Washington", 25. D. C. 
Attni    Aviation Psyohology Seotion  (1] 

Naval ilediosl Reaearoh Center 
Dethosdi, Karyland (l) 

Naval Reaearoh Laboratory 
Anaoostla Station, Washington, D. C. 
Attm    Psyohologioal Seotion  (2) 

Special Devioes Division 
Port Washington,  Long Island,  Sew Yor 
Attni    Hunan Engineering Seotion (2) 

Chief of Naval Reaearoh 
U, S.  llavy Department 
Washington 2S, D.  C. 
Attni    Medical Sciences Division 

rayolioiopioal  Seotion   (2) 

RAF Delegation 
Box feO 
Benjamin Franklin  Station 
Kashlngtor., D. C. 
At.tnt    Wiag normender S, R. C. JJelsoa I 

Uureau of Aeronautio« 
aAGR-CD 
Building 11 
Xrirnt Field. Davton.  Ohio (I,) 



Bngin. 01T. ME #TSBAA-69l*-li* 
2 September 19U7 

Aero Medioal Squipnent Laboratory 
Haval Air Experimental Station 
Karal Air Materiel Centex 
Philadelphia, Pennsylvania (1) 

Secretariat, The Aaronautioal Board 
Room 1 160 8, "»ry Dept. Building 
Washington 25, D. 0. (l) 

Ccraaanding General 
Taotioal Air Command 
Langley Field, Va. 
Attni    Dr. Carroll W. Bryant 

Operations Analysis Saotion (1) 

Offioa of leohnioal Service 
Department of Connoroe 
Washington 25» 0. C. 
Attn:    Chief, Bibliographio and Reference 

Division (1) 

Aaronautio« Divieion 
Library of Congress 
Washington 25, D. C. (1) 

Institute of Aaronautioal Soienoes, Ino. 
2 »at 6i»th Straat 
Haw York 21, Raw York 
Attni    Mr. aelaan A. Sahrodar (1) 

Dir sot or 
Saval Reaearoh Laboratory 
Washington 20, D. C. (1) 

Civil Aaronautioa Board 
Washington 25, D. C. 
Attn«   Mr. 8. V. Oarratt (2) 

Baoa AM« Aaro Laboratory 
Moffatt /laid, California (l) 

laot Langlay WaaoiUl Aaro Laboratory 
Langlay Field, Ta. (X) 

Rational aseeerea OQfaU Cowdtte« 
on Aviation Medlslna 

2101 Constitution Avant* 
Washington 25, »• 0* 
it to 1    Chairman (X) 

Rational Beaearoh Counoil Canmittae on 
Aviation Psychology 

UnlToraity of Pennsylvania 
Philadelphia, Pa. 
Attni    Dr.  M. 8. Vlteles  (2) 

Chief, Flight Engineering Division 
Civil Aaronautioa Administration 
Washington, D. C. (2) 

Air frame 4 Equipment Engineering Dirisi 
Civil Aaronautlos Administration 
Washington, D. C. 
Attni    Mr. 0. 8. ratton (l) 

Ciril Aoronautlos Administration 
Washington, D. C. 
Attni    Dr. Dean R. Brirahall, Assistant 

for Bssearoh (1) 

Amerloan Psyohologioal Assn., Ino. 
1515 Maes. Are., N. W. 
Washington 5« D. C. 
Attni    Dr. Dael Wolfla (l) 

Department of Payohology 
UniT. of California 
Berkeley, California 
Attni    Dr. C. W. Brown (l) 

Department of Psychology 
Oniv.  of Illinois 
Urbana, Illinois 
Attni    Dr. A. c. Irlllians, Jr.  (1) 

Department of Payohology 
Indiana Univ. 
Bloonlngton, Indiana 
Attni   Dr. D. 0. Illson (1) 

Department of Payohology 
Johns Hopkins Univ. 
Baltimr-a, Maryland 
Attnt   Or. 0. X. Korean (1) 

ftoU tsAcatoi« 
•yst—s Beeeareh 
»eevar+ail Point, Jamestown, tu I. 
mm o*r. J. o. wyiia, m (i) 

•   - - ** '•'''••:• 



•agln. DIT. MB ftBXUr&lr-lh 
2 Septeatber 19t»7 

Department of Psyohology 
Lahigh üniv. 
Bethlehem, BennsylTania 
Attas    Dr. Adalbert Ford (1) 

Dapartasent of Psyohology 
önlT. of Maryland 
College Park, Maryland 
Attnt    Dr. R. T. Walker (1) 

Department of Psychology 
Prtnoeton ÜniT« 
Princeton, Hew Jersey 
Attnt    Dr. W. B. Kappauf (l) 

Department  of Psychology 
üniT.  of Southern California 
toe tage lee, California 
Attnt    Dr. Nell D. Warren (1) 

Deperttient  of Psyohology 
Tufts College 
Bedford, Hat«. 
Attnt    Dr. J. L. Kennedy (1) 

Department of Psyohology 
Univ. of Washington 
8ea.tt.le, Washington 
Attn:    Dr.  R.  D. Louoks (2) 

Massachusetts Institute of Technology 
Cambridge, Massachusetts 
Attnt    Instrumental Laboratory (1) 

Research Laboratory of aUectronios 
Maes. Institute of Technology 
Cambridge, Massachusetts    (1) 

Department cf Psyohology 
Purdue Univ. 
Lafayette, Indiana 
Attnt    Dr.  J. A. Bromer (1) 

Department of Psyohology 
Deal» on ÜniT. 
Oranrille, Ohio 
Attm    UT. 5. 0. Biei  (1) 

Department of Peyohology 
Miami Unir. 
Oxford, Ohio 
Attnt    Dr. CJ-rke Crannell (l) 

Department of Peyohology 
Unir. of Iowa 
Iowa City, Iowa 
Attnt    Dr. J. 3. Brown (1) 

Baker Library 
Barnard ÜniT. 
Boaton, Massachusetts 
Attnt    Dr. Boas A. MoFarland (l) 

Department of Psyohology 
ÜniT. of Michigan 
Ann Arbor, Michigan 
Attnt    Dr. S. L. Kelly (1) 

Department of Engineering 
fnlT. of California 
Los Angeles, California 
Attn«    Dr. Cralg L„ Taylor (1) 

Department of Psyohology 
Univ. of Rochester 
Roohester, N. Y. 
Attnt    Dr. S. D. I. «pragg (1) 

Dr. Donald B. Linda ley 
Department of Peyohology 
northwestern ÜniT. 
Branaton, 111.    (1) 

Dr. Walter Buster 
Department of Psyohology 
Brown ÜniT. 
ProTidence,  R, I.  (1) 

Dent, of Psyohology 
DniT. of Minnesota 
Minneapolis lit, Minnesota 
Attas   Dr. Kenneth MaoCorquodale (1) 

DiTieic 

Äatettti teg ItUatt, I. T. 
at   *'.. Wm»m% tsngawieeehe (l) 



tegln. Dir. KR fTOUA-^k-l-U 
2 Saptaabar 19U7 

Koilwman Inttruaent Division 
80 - 06   l£th Ana» 
tlnhurit, Long Island, S. T. 
tetnt   Mr. Haary trog» (I) 

Radio Corporation of toerioa 
BCA Victor Division 
Camden, Bow Jersey 
Attm    Mr. Thonai I. Bat« 

Rasearoh and Development Sale a (1) 

Bo lips« Pioneer Dl-rislon 
Bendlx Aviation Corporation 
Teterboro, Haw Jersey 
Attnt    Flight Instrument Saotlon (1) 

•' .'-*f.F! • 



•agin.   H.v. Mfi #TBUM~6)l*-lk 
2 September 19ti7 

APPENDIX I 

The gf foot of Variations la Indicator Design Upon Spaed and Anouraoy of Altitude 
Beading« 

Ac    Introduction. 

la « study reoently carried cut by the Psychology Branch of the Aaro Medloal 
laboraiory and reported in Memorandum Report Ho. ISKAA-69l»-X2fti AAF pilot« were »eked 
to report peracnal experiences in misreading of Instruments during flight which 
resulted or nigh« here resulted in aooident«.    Of the 270 oase« of instrument reading 
error« reported in thi« study, there were more inrolring the altimeter (37 oasa«) 
than any other «ingle instrument.    In the majority of the reported oft«e* the alti- 
meter wa« read 1,000 feet too high.    In the typioal instance the pilot approaching an 
airfield at night or under instrument conditions reported suddenly seeing the ground 
or trees uncomfortably near, while under the impression (from reading the altimeter) 
that he was still 1,000 feet above the ground,      In several such oases eollision with 
the ground resulted« 

The frequeuoy with which altimeter misreading« have caused near aooident« and non- 
fatal accidents  suggest« that at  least some of the more serious unexplained orashe« 
hare been sauced by this same type of human error.    In a number of oases, notably the 
loss of the Pennsylvania Central Airlines DC-U at Lsesburg, Virginia, on June 1}, 
19U7, misreading of the altimeter offers a plausible explanation.    The aotual ooour- 
reno« of such an error can, of course, be Tarif led only by circumstantial evidenoe 
unless the pilot «urriTes and can reoall events preoeding the orash. 

Tha greater difficulty experienced in reading tne altimeter by comparison with 
other aircraft instruments apparently arises from the faot that the readings of three 
separate pointers oust be combined in order to obtain the desired information.    On 
the majority of airoraft instruments one revolution of a pointer on a olroular dial 
(of 2 ?/Li Inches or smaller diameter) gives sufficient soale length to provide the 
needed reading precision.    The altitude range in which conventional airoraft operate 
(roughly 0 to 10,000 feet) oannot possibly be oovered in sufficiently small steps in 
one revolution of a pointer on a dial  of conventional size.    To gain sufficient soale 
length on the conventional altlr.eter the primary (or sensitive) pointer indioates 
altitude in hundreds of feet, and makes one revolution In 1,000 feet change of alti- 
tude.    The other two pointers, which indioate altitude in thousands and ten-thousand« 
of feet, serve primarily to Indicate the number of revolution« whioh the primary 
oointsr Nis made above lero altitude. 

The altimeter is not the only sensitive or milti-revolntion instrument used In 
airoraft.    The olook 1« another Nah instrument, and an earlier Investigation by the 
Psychology Breath of the A«r* asdioal laboratory (aawandum Import So. WRAA-69W) 
has abeam that it alas is «ufejeet to a ocmsiderabl» number of error» in reading.   A 
number of otamr iarkraaeat«, notably «aw tssh—ter and airspeed indicator, have been 
built wl«i »aim «Ma «as revolution at* «M anaary pednatr sac a aupplementary 
iadlaatioa (la a ira*aav). *» aatisjm», «J» «filar •f'tna rwrolatlon in whioh 
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the pointer 1« operating.   A timber of fatal aoo Ideate have been attributed to 
laeorreot «gin« settings resulting fro« misreading* of this typo of tachometer, and 
for ihla reason It i« being withdrawn from an,   Irrer« in reading the seneitive or 
multi-revolution airspeed lodioator hare also been reported. 

It would seea fro» the foregoing e-rldenoe that an inatruaent on whioh two or 
•ore separate indioatlono must be combined la order to obtain a »ingle quantitative 
v&lme la particularly oonduolT* to reading difficulty and errora.   Moreover, the 
types of reading errors reported are usually of dangerous Magnitude, auoh as 1,000 
feet of altitude, 1,000 revolutions par ainut», or 100 alias par hour.   For these 
reasons It would eeea to b« particularly important to find the optimum methods of 
displaying types of information whloh require greater eeale length than oan be dis- 
played by one pointer revolution. 

In the present investigation the readability was Investigated of nine possible 
method* of displaying altitude data.    This experiment waa not only carried out to 
find mean» of reduoing altimeter reading errora but also to find out whloh display 
method*;  1B general, are best suited for use where oonsiderabl« seals length is 
required. 

In a reeent Aero Medical laboratory Report (Memorandum Report Ho. TSRA*-69l+-SSb) 
it was pointed out that aircraft instrument» serve three types of reading funotionsi 
(1) oheok reading - for aasuranoe of a null, normal, or desired indication;  (2) 
qualitative reading or Interpretation - for the meaning of a deviation from a null or 
normal eonditioni and (3) quantitative reading - for the aotual numerical value of an 
Indication.    In the case of the altimeter, speolfloally, we oan say that the pilot 
aay (1) merely oheok the instrument to find whether or not the reading has ohanged 
•inoe his last glanoe at the Instrument) (2) observe the direction and magnitude of 
pointer displaesment If a ohange ha* occur red j or (3) read the instrument in detail 
to find his exact altitude in feet.    In normal flying the pilot probably uses the 
altimeter most frequently for the first two types of reading.    During ascents and 
descents, particularly under instrument oondltioas, the third type reading for exact 
quantitative information must be made.    The method of evaluating altitude indicator 
designs in this experiment Is oonsidered to provide data only for the third of the 
above three types of reading. 

This report is concerned primarily with a comparison of the speed end aoouracy 
with whloh different altimeter designs can be read.   A subsequent report will pre- 
sent a detailed analysis of the types of error mad» in reading the conventional 
altimeter in the present experiment. 

B.   yxperlaantal rroseduro. 

The nine altltase indicator designs used In this experiment are shown, »long 
with «4M of the remits, la figure 2.   The first of these, design A, is a simulation 
a*? the altimeter almost aalversally used la AA? airplanes.   On this Instrument the 
1 sagest pointer gives rWsHafi la hundreds of feet, the broad pointer Is read on the 
seme seals* Ik ttiimawi •aall pointer la read on the sea« scale in 

of *••*.   AuUaster seel «a • 1» a »light variant of the aomoa iüstru- 
Mwt, sssi «It« saaHtjjbji «•> eaas**«« type.    Xa this design the »aall 10,000-foot 
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pointer 1* offset and indicates on « separate satis.   Design C also simulates an 
nxisting but not oommonly used typ», Is which only tire pointers are used, each indi- 
cating on a separate soale.    This two-pointer design indicates only up to 20,000 
feet of altitude. 

Altimeter design D uses a single pointer to indicate altitude in hundreds of 
feet.    This pointer makes one revolution for eaoii 1,000 feet change In altitude and 
the multiples of 1,000 feet are Indicated on a Veeder counter type display.    This 
counter has two dram», one for 1,000 foot and the other for 10,000 foot increments. 
It is assumed that the motion of these drums would be intermittent and that single 
whole nMT«b»ri w^ild slways ~e showing. 

In de«tgn X, also, only cne pointer is used, but two dials rotating behind a 
window indicate the multiples of 1,000 feat.    In this design the notion of the dials 
showing through the windew Is assuaed to be cortinuous rather than intermittent, thus 
(•emitting wore than one number (or half numbers) to appear. 

Design I' Indicates altitude In quite a different manner fron the other instru- 
ments.    Tn this display the pointer is assumed to mslce only one revolution to oover 
the entire altitude range«     The rang« being ooverod is indicated la the window as 
0  • 1,000 feet, 0 - 10,000 feet, or 0 - 100,000 feet.    The meaning of the numerals a) 
t;he dial graduations is, therefore.  determined by the range indioated in the window» 
This  indicator is similar in principle to a radio altimeter now ir. uce.     It  is  oliviojs 
tuar   t,-,e  L.-e^Jsios of indication on  BUCII an   instrument decreases as the range being 
covered  increases, 

Aitl :.sler designs U and ä are similar in that they simulate a soale moving 
vertically behind a window,    An instrunent following design Z oould use either an 
endlese rare or drum to present  the moving soale, with a Veeder  oounter to lndloats 
multiples of 1,300 feet,    in instrument using design H would require a very long tape 
witr. a  soil*  covering the desired altitude range, 

T-e  Igst experimental design,  ±,  simulates a sir-pie Veoder oounter without  any 
-ovi.-y.   pcinter   or eoaie.    For  reaacms  pointed  out  later in the discussion of results, 
such an  in.Koator would probably he unsat*«factory fcr the pilot, but might  be suit- 
able fnr ••"har aircrew nenbers  su-li ac the navigator.    One of the major reasons  for 
including it )n this study "as to set ar approximate neasure of the tine required to 
ropy .'•   sories  r,f numbers representing ac altitude reading,  it being assumed that no 
Interpret a* ion time would be  Involved  in  reading altitude fro» this typo of indicator 

Kcr each of the altimeter deti^ns used in this experiment a test booklet was 
prepared.    Pages  1 t.id 2 of the test booklet for design A, the conventional alti- 
neter,  ar«  reproduced in figure 1.    The oover (page 1) of each booklet presented the 
experimental subjeot with detailed Instructions for reading the dial design In that 
>rt :.'!(;• , and a. sanpie dial on which to obtain praotice.    On the two inside pages, 2 

•••• ^'««o •-.-£ '      K\*i 
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•ad 3» th« dial design «at reproduced with 12 different setting».    Under eftoh pict- 
ure was a speoe far writing In th» reading.* reading 

Speolal precaution* ware taken in the preparation of the drawings and ohoioe of 
altitude »etting« to be ussd Is th* various tart booklet« to prevent biasing the 
result« for or against any of the indloator deal pi«.    The olroul&r dial« were 2 1/1+ 
lnohe« in dimeter.   From this,other dimensions oan be estimated from figure 2, 
411 essential numerals and graduation marks were sufficiently large and distinct to 
be easily legible.    Bxoept for the Inner dials on designs B and C all aoales were 
alike la having numeral« at all 100-foot graduations with intervening nark« at 20- 
foot interval«.    Other factors equalised ware the number of setting: r.bove «-nd below 
10*000 feet, th* number of sensitive pointer settings on 100-foot graduation narks, 
th* number of sensitive pointer settings just preoeding and just following the 1,000- 
foot graduation nark, and the number of sensitive pointer setting« on the left and 
right halves of the dial.    Precautions were also taken to be sure that no essential 
information was hidden by any of the hands, and that the interrelationships between 
pointer positions were oorreot.   For indloator design F some of the settings were 
midway between graduation marks.    For the remaining designs the sensitive pointer 
(or referenoe mark) was always on a graduation mark.    Thus, no interpolation was 
required to obtain oorreot readings. 

The altimeter reading test was taken by 97 AA? pilots in the Instrument School 
at Barksdale Field, Louisiana, and 79 oollege men (without AAF airorew ezperienoe) 
at Sonison University, Granville, Ohio.    In administering the test, the booklets for 
only one altimeter design were passed out at a time, and auffiolent time allowed for 
reading tu» instructions and working the sample item.   At a signal all subjects 
opened th* booklet and worked until completing all items.   Bach subject's completion 
time was reoorded on his booklet.    Four sscpenoes for administering the nine test 
booklet« ware used in order to oounterbalanoe for learning effeots.   An approximately 
equal number of subjects (in eaeh of the two subject groups) took the test In each 
sequence, 

Th* two subject groups of dissimilar experience were used in e-.-der to get soms 
measure of the effect of experienoe on the ability to read th* varlois dial dssigns. 
All of th* AAF pilots can be assumed to have spent several years flying with altimeter 
design A, and possibly some experienoe with design* B and C.    Th* oo. lege men can be 
assumed to have had little« if any, experienoe In reading altitude f:om any type of 
indloator.   In general intelligence and education the two groups ware very similar. 

0.   «Wl<8lts. 

The data 8nt*l»sa la 
of error* 
th* parent v***A 
ef 1,000 ftjft «r 
la tU.t «M» 

1 fte Itsg*) —BIT aC 
Mi** wmx 9mm # ä 

m mn analysed.o dstermioe th* fr*qu*noy 
ratmlbs ar* «M^ln tabls I vhloh gives 

*~* '•*• •* a*V«r» «ad psreent errors 
toslrtM.   «I • of the error« laoluded 

seer ioUrpot.iiQu »inc. ^xi eetüugt 

_ «I»« *»i\ «»•*» *t« w*r* produced by 
;*» «A» fM)«?» -fh» Msirfcanoe «f Hr. D. 

' t** mmmfik feorttor». 
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of the sensitive  pointer» wore on graduation marks  (except  for design F whioh had 
•COM settings midway between narks), 

Speed of reading data are shown in table XI for the nine Indicator designs.    It 
will be recalled that the autjeot* wrote their answers in the test booklets and the 
time for completion was reoorded in eaoh inctanoe.    The average tine per reading oould 
thus be computed from the total tine and the total number of items, but this time 
include* the tine for reoordine as well &s for reading or interpreting the instrument. 
An estimate of the time for interpretation of the instrument only was obtained by 
subtracting from the average time for eaoh design the average time for design I (the 
Veeder counter).    The reading of altitude from design I involved the mere copying of 
the numbers shown, and hence was assumed to require no interpretation. 

In table IS is shown the number of subjects in eaoh group who made one or more 
errors in the twelve readings of eaoh design. 

A reproduction of each of the experimental indicator designs accompanied by 
graphic illustrations of the more significant findings is provided in figure 2.    The 
upper pair of bars under eaoh indicator shows the peroent of errors equal to or 
exoseding 1,000 feet for the two groups of subjects.    The lower pair of bars gives 
the computed interpretation time for each of the two groups of  subjects, 

8,    Discussion of Results for Individual Indicator Designs. 

Indicator design A 

The results of this  investigation,  as  shown  in figure 1 and tables I, II,  and III 
show that this design, whioh simulates the conventional altimeter, is a very diffi- 
cult instrument from whioh to obtain quantitstive reading» as required la this study» 
Sven the pilots, all of whom had spent several years flying with this instrument, 
spent more time per reading on this indicator than  on any of the other designs 
studied.    Only one of the remaining eight indicators, design F, resulted in a higher 
proportion of error».    It must be concluded that It i» a very diffioult task to ocna- 
biso into a single numerical value the reading» of three pointers indicating on a 
single eoal», a« required in reading the conventional altimeter. 

Indioator de»lpi B 

This indioator differ« fro« that of «Mica A only in having the 10,000-foot 
pointer located off MjUf Ml ladiftatfeg on ft «»parate »eale.    This difference 
• lightly lnereaftM IMtiWtifc*«»* «Mp««r ***••** **• !»*«•»•«* oould be read, 
but the improves«»» !#*«• *U#* ** IM**#;di»P* i*|*rtanoe. 

a» la de»ign C, resulted 
In *|Md end aaouraoy of 

«lth designs D, 
*• »Wei. 
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This lndioator u«ee only OM pointer, with the 1,000-foot and 10,000-foot indl- 
Mtioaa provided by » counter.    Such a oosfcinatJon proved to be »wry May to read* 
For AA? pilot« the paroaat of total «rrora was vary low, 3.5 peroant, and only 1.7 
«oe. was required for Intarpratation (aa oontractod with 15.$ paroant and 7.1 «ae. 
for tba conventional altimeter).   More «ignlfioant, parbapa, la the finding that  only 
0.7 paroant of the error» equalled or exceeded 1,000 feat.   Meat of the error« la 
reading lndioator dealgn D reeulted from e«»ignlng 10 feat laetead of 80 feet to eaeh 
of tba graduation Intervale between minerals.   Brrora from thi« aouroe are of «uoh 
ana 11 magnltuda that th«y would seldom «zoaed error« of the instrument Itself, and 
in any event would not be oonsidered a« potential o*u«e« of aooidenta. 

lndioator design 1' 

The «ubatitution for two of the pointers on the altimeter of two rotating dials 
appearing through a window appears to have no advantage.    This lndioator waa designed 
so that under moat olroumstenees only one number would appear on eaoh of the two 
rotating dials.   But if »uoh dial» rotate ooatlnuously (rather than intermittently) 
during altitude ohaages, aa assumed in thi« test, it i« inevitable that at aertaln 
•ettlnge two number« «ill be equally visible.    Suoh Indication« are very difficult 
to read oorreotly. 

lndioator design F 

On this lndioator the range oovered by the lndloating pointer and soale is 
dependant upon range limits shown in the window.    The high proportion of errors and 
alow reading time lndioete that the required ohsnge« in interpretation of the primary 
soale are difficult for human beings to carry out. 

Indicator design 0 

A vertieal scale lndloating up to 1,000 feet, with a oounter to show the 1,000- 
foot and 10,000-foot multiples, a« «imilatad in design 0, 1« read with comiderable 
apaed and a high level of aoouracy when exact quantitativ» reading« are required. 
The virtue« of «uoh an instrument for check reading and qualitativ« reading were not 
evaluated  in this study. 

lndioator design H 

Thi« instrument, Whloh present« all indications by mean« of a very long vertical 
•oal«, i« very similar to design 0 la the manner of indloatlon and In the »peed and 
aeouraoy with whioh it 1« read. 

Indicator design I 

Thi« ladieator, whtoh «l«n late« a «impla Tee der oounter, waa rea4 with greatest 
«peed and «eouraey of all the lndioator».    ftd« would aoggeft that «hare only quan- 
titativ« reading« «x« to be prorld«! *U «««11 to «to SMt desirable type of lnstru- 
Mw.   X« la believed «tot for «took reading «ad for qualitativ« reading «uoh aa 
taatnaiaat would to quit« inferior to «a» ualag a movlag polatar. 
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T,   Analysis of Ojgww of Irrer. 

A detailed analysis of the oauie« of error, particularly for the conventional 
altimeter, «111 be presented la • later report.   However, a number of general inter- 
pretations oan be offered here.   From the findiaga of the present study some of the 
bmtlo sources of error and delay la obtaining readings on an instrument suoh aa the 
altimeter would sec« to bei 

(1) A pointer It frequently read to the nearest number, rather than lowest 
adjaoent number.    8uoh an error frequently ooours in reading of the 1,000-foot pointer 
on the oooTentional altimeter.    This is probably the most dangerous of all possible 
types of error, sinee the aotual altitude will always be 1,000 feet lower than that 
at which the pilot think* he is flying.    It is believed that aost of the oases of 
altimeter misreading uncovered in the earlier interflow study (Memorandum Report So. 
TSta*-69l*-12a) resulted from this type of error.    The best method of eliminating this 
source of error would seea to be intermittent motion of the 1,000-foot and 10,000- 
foot indioatlons, aa oa the eounters in designs D, 0, and I. 

(2) The necessity for reading in succession the indioatlons of two or more 
pointers, sad remembering the several readings until a final combination is achieved, 
constitutes a rather oomplioated mental prooess.    The chance« of error, particularly 
of deoimal diaplaoement of one or more digits, are vary great,    indioator designs 
D, 0, H, and I simplify the reading prooaas in at least two ways.      In the first 
plaoe, the reading of a single digit directly is easier than getting the same value 
from a pointer indicating an a soale.    In the seoond plaoe, some or all of the digits 
are presented la their proper sequence, thus reduoing the amount of ooablnlag which 
must be accomplished mentally on the multiple pointer indicators. 

0.   Application of Results to Problems of Indicating Altitude in Alroraft. 

The results of this investigation show quite dearly that for providing exaot 
quantitative readings at least four indioator designs, D, 0, H, and I, oan be read 
with muoh greater speed and acouraoy than multiple pointer altimeters.    Of these four 
instruments, design I (the Teader oounter) would probably be quite unsatisfactory as 
an altimeter for use by the pilot.    To oheok read such an indioator would require 
reading several separate numerals which is more difficult sad tlae-oonsuming than 
merely observing the angular position of a pointer»   For qualitative reading, like- 
wise, this indioator would be rather unsatlsfaotory since the ohanging numbers in the 
window would be rather difficult to interpret in terns of inoreases or deereases in 
altitude.    On the other hand, the navigator, who uses the exaot altitude In his cal- 
culations, would probably benefit from suoh a direet reading Instrument. 

Indioators 0 aad H, with the vertloal scale«, would probably also be more dif- 
ficult to oheok read then a moving pointer unless some speolal markings, suoh aa 
heavy bars at the 500- aad 1,000-feot istervals, were added to the seale.   For indi- 
cating direction end approximate imte aad magnitude of altitude ohaages this type of 
ladies*«* «»»Id jarStaily ba ajsits WÄiSÄs*«*; *•* **vther reeeareh is aeeded oa 
vala polat. is 
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Indicator design D with a single sensitive pointer and a Veeder oounter does, tt 
la believed, rataln all of the advantage» of the three-pointer altimeter for ea»o of 
oheoa: and qualitative reading.    The raaulta of thia study »how that for quantitativ» 
reading, indicator dealgn D la greatly »uparior to the conventional altimeter.    For 
thee» reasons thia modifioetion of the altimeter, with a oounter replaoing the 1,000- 
aad 10,000-foot pointer» la oonaldarad aa being the »oat promising of thai nine designs 
whioh wer« investigated. 

Although thia atady demonstrates that the principle- of indication Involved In 
daalgn 0 la vary good, the partioular indloetor shown In figure 2 ia not neoeesarily 
tha optimum applloatlon of the principle.    1 number of probable improvements oan be 
suggested.    In tha first pltoe, tha oounter should probably not appear direotly above 
tha pointer abaft.    In thia location it will be partially obaoured by tha pointer in 
lta ooat common looation, namely, straight up.    It ia suggested, instead, that tha 
oounter ba loeated tc tha left of tha pointer shaft,  opposite tha window usad for 
setting in barometrlo pressure.    Looation of tha oounter to tha slda of, rather than 
above, tha pointer shaft should also permit tha uae of larger oountar drums.    This 
should make possible tha uae of vary large numerals aa ia important for obtaining 
maxima« »peed of reading.    A second possible improvement would be the plaoooent of 
tha tero position at the left side rather than at tha top of the dial.*    Thus, while 
flying at son« multiple of 1,000 feat, as is tha usual procedure, the pointer would 
DOT» upwards for inoreaees over tha desired altitude and downward for deoreases.    If 
this ware dona, however, tha oountar should, eontrary to the previous suggestion, be 
located above rather than to the left of tha pointer abaft. 

H.   Conolualona. 

The following oonoluslons are drawn from this investigation regarding design feat- 
urea of multi-revolution instruments In relation to apaad and aoouraoy of reading! 

1. Tha conventional altimeter and similar multiple-pointer instruments are very 
difficult to read. lot only is tha time for reading auoh instrument« very long, but 
a oonaiderable proportion of the readings are In error by on« or more oonplete revo- 
lutl*« of tha sensitive pointer. 

2. The ease with whioh multi-revolution instruments oan be read is greatly 
inoreaeed by tha use of a Veadar type oountar instead of pointers to Indicate the 
number of revolutions of tha sensitive pointer. 

3. A vary long vertloal soala moving behind a window, or a repeating vertloal 
soale oomblned with a oounter are relatively easy to read quantitatively (but may be 
leas desirable for ohaok-reading than a moving pointer). 

This suggestion was made to the author by V. Ungewiesohe of tha Kollsaen 
Instrument Oompamy. 
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U.    Kart of th» difficulty la reading »ltlple-poiater (or sailtipli-dial and 
pointer) inatrieaauta reaulta fro« th» neoaeeity of oosbinlng mentally several separat» 
lndioatlone.    Th« difficulty la reeding 1« proportional to th« number of auch aaparat» 
iadloatioae to V« oomblBed. 

5. Additional dlffloulty In tha reading of «atltlple-pointer iaatrumeata results 
baoaua« th« noo-aensitirs pointer a (l(00O> and 10,000-foot point« a on th« «ltiaatar ) 
•art oftan ba raad sot to th« matter toward vhloh they ara pointing but to th« next 
lower number.   Vhioh number la to be read ean be determined only by sixultaneou« con- 
sideration of th» position of th« »ore a«naitiYe pointer in relation to th« i*ro 
point on th« aaale.   Thla difficulty oaa probably be overoome only by intermittent 
motion on th« moving pointer«, dial», or oountera whioh indicate the Stoiber of revo- 

. lationa of th« »enaitlT» pointer. 

6. Bearing in «dad th« reading requirements of an altiaatar for uae by the pilot, 
design 0 la thia experiment of fare the moat promla».    Suoh an indicator should, how- 
ever, hare th« eountar diaplaoed approximately 90 degree« from toe aero position on 
th« aoale to prevent ita being obaoured by the pointer la lta moat oommon looation. 

•4»* 
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TABU I 

frxiMPOT of trror» Ixoo+dln* Owtuln Tgjttg« la th» Bwdln^ of 
•      Altltad» tro» Hin» lxp«rlnent*l lndlo»tor> 

Altitud« 
Indicator 
4«tigB 

Atf (Ale*« 
1-97 

Paroont error« 
Totfcl       100* 1000* 

C0ll«g« MB 
1-79 

Bsromt •rrara 
Totti       100*         1000* 

A. 15.9 13.1 u.7 2DJ&         18.6 17 Jk 

B 15.0 12.6 11.7 17.9        1U.7 •12.9 

C •«.3 •5.5 •U.8 •U.U        «8.6 •7.7 

P •3.5 •0.9 •0.7 •2.1        «0.9 •0.7 

1 17.3 15.0 U*.5 •15.3      »13.5 •12.9 

? 21*1 22.0 Ü4.1 21.0       19.1 •13.0 

o •2.1 •0.5 •0.3 •3.0       »1.0 •o.U 

H •2.5 •1-7 •1.3 •U.5       »3.0 •1.5 

i •0.6 •0.6 •o.U •0.3        *0.1 •0.0 

*   ArtvrUk lndioH*» rt*ti»tio»l •ignlf lo«no» (»t on« perorat l«v»l of oonfi- 
d«ao«) of superiority enr oonr»ntlon»l iodlortor (detlgn k). 

-IV 
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TABU n 

xtr piio« 
1-97 

M Collage nan 
1-79 

Seocnds par reading Seeonde par reading 

Altitude 
indicator 
teal pi 

A 

Interpret 
t reoord 

Maas 
9.6 

Interpret 
only «• 

Mean 
7.1 

Interpret 
k rasord 

9.8 

Interpret 
only •• 

Haas 
7.5 

B •8.6 •6.1 9.6 7.3 

C •7.3 •U.8 •7.6 •5.3 

S •U.2 •1.7 •1+.1 •1.8 

1 8.8 6.3 9.2 6.9 

P •8.7 •6.8 •8.3 •6.0 

0 *lu8 •2.3 •U.2 •1.9 

H .14.2 •1.7 •li.2 •1.9 

I •2.5 •0.0 •2.3 •0.0 

•   Asterisk indloataa etstistioal signifloanoe (at one peroent level of ooof14- 
onaa) of superiority over conventional iadioator (design A). 

••   the tine value* la the "interpret only" oolnan ware obtained by subtracting 
the »Interpret and reoord* tia* far design Z fron the total tine for the 
other designs,   this was dome aa the aaaometioD that dealgn I (a slapis 
Yeeder counter) would reoulre M interpretation and that the average tia* 
per reading tf thle <lealgn would give a reasonably accurate eetlamte of the 
«rerage Ma iwaaaul by the eafcjeets la writing dew« their antwere. 

^ 11 'MX*** 
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Mee*ore.ndu» Report lo. TS8AJU69i*-12t.    Jnelyeie of Srror» Utde By Pilots in Reading 
end Interpreting Airor»ft Inatraente. 

Meaaraadum Report So. TS&U»^&~S.   Design of Cloak Dielt for Qreetest Speed end 
Aooureoy of Seeding la Uilltary (2lfi0 hour) Tim» Syeten. 

leaeorexduffi Deport Ho.  TBSAAr&lr&r.    Dlaoueeion of Pictorial Verru« 8ynbolio 
Airoreft Instrument Display». 
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